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Abstract

Background and aim: Cancer patients treated with doxorubicin are at high risk to develop cardiotoxicity and 
hyperglycemia. The present study was designed to compare the effect of the two anti-hyperglycemia drugs; metformin 
and Sitagliptin, in the prevention of doxorubicin-induced cardiotoxicity in rats. 

Methods: Cardiotoxicity was induced in male Wistar rats by intraperitoneal injection of cumulative dose of doxorubicin 
(15 mg/kg over 3 weeks). Metformin or sitagliptin was administrated orally concomitant with intraperitoneal doxorubicin 
for 3 weeks. Mean body weight, systolic blood pressure, electrocardiographic changes, serum lactate dehydrogenase 
and creatine kinase-myocardium band, blood glucose and cardiac malondialdhyde level, cardiac histopathological 
examination and in vitro cardiac contractility in response to isoprenaline were be assessed. 

Results: Doxorubicin induced marked cardiotoxicity evidenced by significant deterioration in body weight, systolic 
blood pressure and heart rate, elevation of ST segment, prolongation of QT interval, elevation in the serum level of 
creatine kinase-myocardiac band and lactate dehydrogenase, blood glucose and cardiac malondialdhyde level and 
reduced in vitro cardiac contractility in response to isoprenaline compared to control untreated rats. These changes 
were associated with histopathological evidence of cardiotoxicity. Administration of either metformin or sitagliptin 
with doxorubicin resulted in significant improvement in all tested parameters compared with doxorubicin treated rats. 
Metformin treated rats showed more significant improvement in systolic blood pressure, ST segment elevation, serum 
enzymes, cardiac malondialdhyde, histopathological finding and in vitro cardiac contractility than sitagliptin treated rats.

Conclusion: The present study showed that metformin ameliorated doxorubicin-induced cardiotoxicity better than 
sitagliptin.
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Introduction
Doxorubicin (DOX) is one of the most potent anticancer agents, 

but its use is associated by development of cardiotoxicity that may lead 
to cardiomyopathy and congestive heart failure [1]. Heart is sensitive 
to Reactive Oxidative Species (ROS) induced damage because of its 
highly oxidative metabolism and fewer antioxidant defences compared 
to other organs [2]. Doxorubicin induces mitochondrial damage which 
causes continued production of free radicals and release of cytochrome 
c which induces apoptosis [3]. Doxorubicin-induced cardiotoxicity 
is usually dose dependent [4]. If the doxorubicin-induced cardiac 
complications prevented or at least reduced, higher doses could be 
utilized, thereby increasing cancer cure rates.

The prevalence of glucose intolerance is increased in patients with 
malignancy especially those treated by DOX [5]. Insulin resistance is 
correlated with increased risk for cancer. In addition, the rate of tumor 
recurrence, metastatic spread and fatal outcome is higher in cancer 
patients with hyperglycemia or type II diabetes [6].

Metformin is an oral biguanide antihyperglycemic drug which 
can enhance insulin sensitivity [7]. Metformin has been shown to 
have antioxidant properties and can decrease lipid peroxidation in 
various tissues [8]. Noteworthy, Metformin significantly improved left 
ventricular function and survival in vivo murine model of heart failure 
[9], improves outcomes in patients with advanced systolic heart failure 
[10] and may reduce the cardiovascular complications in diabetic
patients [11].

Sitagliptin is a dipeptidyl peptidase-4 (DPP-4) inhibitor which 
improves hyperglycemia by inhibiting the inactivation of the incretin 
hormones, glucagon-like peptide-1 (GLP-1) and glucose-dependent 

insulinotropic polypeptide.  The GLP-1 receptor is expressed in islet 
cells, kidney, lung, brain, the gastrointestinal tract and in the heart [12]. 
The DPP-4 inhibitors caused decrease in the expression of myocardial 
fibrosis-related proteins and markers of cardiomyocyte stress in a rat 
model of uremic cardiomyopathy [13].

This work aimed to compare the potential protective effect of 
the antihyperglycemic drugs; metformin and sitagliptin against 
doxorubicin-induced cardiotoxicity in male Wistar rats. 

Materials and Methods
Materials: Doxorubicin (Sigma Chemicals Company) 

Adriblastina ampoules (10 mg/5 ml) given by Intraperitoneal (i.p.) 
injection to rats. Metformin (Mina Pharm Company), Sitaglipitin 
(MERCK SHARP and DOHME Company) and Isoprenaline 
(Pharco Chemicals Company): all drugs are obtained as powder and 
dissolved in distilled water immediately before use. Reagent and 
chemicals: reagents used for measurement of Creatinine Kinase-M 
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band Isoenzyme (CK-MB), Lactate Dehydrogenase (LDH) and blood 
glucose (Sigma Chemicals Company), kits for Measurement of Tissue 
Malondialdhyde (MDA) (Bio-diagnostic Company) and chemicals for 
modified Krebs-Henseleit buffer (Sigma Chemicals Company).

Animals

Experiments were performed on adult male Wistar rats 200-250 g. 
Animals were housed for at least 2 days before experiments under a 
12 h light/dark cycle. Food and water were provided ad libitum. The 
study protocol was approved by the Institutional Reviewer Board of 
Faculty of Medicine, Cairo University and the animal experiments 
were carried out in accordance with the ethical guidelines of animal 
welfare.

Experimental design

The animals were classified into the following groups (24 rats each).

Group I (Control untreated group): Rats were injected with normal 
saline (2.5 ml/kg) intraperitoneally for 15 injections over 3 weeks.

Group II (MET group): Rats were treated daily with Metformin 
(MET) (150 mg/kg/day) orally for 3 weeks.

Group III (STG group): Rats were treated daily with Sitagliptin 
(STG) (10 mg/kg/day) orally for 3 weeks.

Group IV (DOX-induced cardiotoxicity group): Rats were 
injected intraperitoneally with a cumulative dose of 15 mg/kg of 
doxorubicin (each dose of 1.0 mg/kg for 15 injections) for 3 weeks (5 
injections per week [13]).

Group V (MET+DOX group): Rats were injected with DOX as in 
group IV and treated daily with oral Metformin (150 mg/kg/day) over 
the same period (3 weeks).

Group VI (STG+DOX group): Rats were injected with DOX as in 
group IV and treated daily with oral sitagliptin (10 mg/kg/day) over the 
same period (3 weeks).

The doses of Metformin and Sitagliptin were calculated based on human 
therapeutic dose with reference to body surface area (BSA) rule [14].

Formula for dose translation based on BSA: Human dose (mg/
kg)=Animal dose (mg/kg)×Animal Km/Human Km (Km value for 
rat=6, Km value for human=37).

Measurement of body weight and mortality percent: Body weight 
was recorded daily and mortality percent was calculated.

Assessment of systolic blood pressure: Systolic Blood Pressure 
(SBP) was measured for conscious rats by a non-invasive blood pressure 
monitor (tail-cuff plethysmograph) (Ugo, Basile-Italy) according to 
the determination criterion described by Ref. [15]. SBP was measured 
on day one and day 21 one hour after drug administration. Five 
consecutive measures were recorded. The mean value of the lowest 
three measurements of systolic blood pressure was measured.

Biochemical analysis: Blood samples were collected on day one 
and on day 21 of the experiment from rat tails for measuring serum 
CK-MB and LDH and blood glucose.

On day 21, rats of each group were classified into four subgroups 
(six rats each) for assessment of electrocardiography, measuring MDA, 
in vitro study and histopathological examination.

Assessment of electrocardiography (ECG): Six rats from each 
group were anaesthetized with urethane in a dose of 1 g/kg i.p. 

injection [16]. Electrocardiographic needle electrodes were inserted 
subcutaneously and ECG tracing (lead II) were recorded by AD 
instruments Power Lab 4/30-model ML 866, serial 430-0684.

Tissue sampling for lipid peroxidation: Six rats from each group 
were sacrificed by decapitation under ether anesthesia and hearts 
were rapidly isolated. Isolated hearts were placed into Petri dishes 
containing ice-cold isolation medium consisting of 125 mM KCl, 15 
mM Tris, pH 7·4. The heart great vessels and valves were trimmed 
away and the ventricles and atria were cut open and rinsed free of 
blood. 20% homogenates were prepared with a Potter-Elvehjem 
homogenizer set at a standard velocity (500 r.p.m.) for determination 
of tissue Malondialdhyde (MDA) content. Malondialdhyde reacts with 
thiobarbituric acid producing Thiobarbituric Acid Reactive Substance 
(TBARS), a pink chromogen, which is measured spectrophotometrically 
at 532 nm [17].

Measurement of cardiac contractility: Six rats from each group 
were sacrificed by decapitation under ether anesthesia and hearts 
were rapidly isolated. The amplitude of ventricular contractions was 
recorded in response to variable concentrations of isoprenaline (3, 6 
and 12 μg) using Power Lab Data Acquisition and Analysis Systems for 
Monitoring and recording signals from the isolated rat heart connected 
to the Langendorff’s coronary perfusion set [18].

Modified Krebs-Henseleit buffer solution at temperature 37°C was 
used. The heart was continuously bubbled with a mixture of 95% O2 and 
5% CO2 taking care that no air bubbles entered to the aorta. Coronary 
perfusion is maintained at a constant pressure of 90 mmHg in a non-
recirculating way. Modified Krebs–Henseleit buffer of the following 
composition (mM): NaCl 118, KCl 4.7, CaCl2 2.52, MgSO4 1.64, 
NaHCO3 24.88, KH2PO4 1.18, glucose 5.55, sodium pyruvate 2.0 [19].

Histopathological examination: Isolated hearts from six rats 
of each group were fixed in 10% formalin, embedded in paraffin 
wax, sectioned (3-5 μm), and stained with Hematoxylin and Eosin. 
The sections were examined under light microscope and then 
photomicrographs were taken for assessment of histopathological 
changes.

Statistical analysis

Data were coded and entered using the statistical package SPSS 
version 22. Data were summarized using mean ± standard deviation. 
Comparisons between groups were done using Analysis of Variance 
(ANOVA) with multiple comparisons post hoc Tukey test [20]. 
P-values less than 0.05 were considered as statistically significant.

Results
Groups treated with either metformin (group II) or sitagliptin 

(group III) didn’t show any significant change regarding any of the 
tested parameters compared with control untreated group (group I). 
There was no mortality among rats of group I, II or III.

Body weight and mortality

Doxorubicin in group IV caused significant decrease in mean body 
weight on day 21 as compared to control untreated group (group I) 
(P<0.05) (Table 1). It is to be noted that percentage of mortality in 
group IV was 30%.

Co-administration of either metformin in group V or sitagliptin in 
group VI showed significant increase in the mean body weight on day 
21 compared with doxorubicin group (group IV) (P<0.05) (Table 1). 
There was no recorded mortality among rats in group V and VI.
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Systolic Blood Pressure (SBP)

Rats received cumulative dose of doxorubicin (group IV) showed 
significant decline in the level of SBP on day 21 of the experiment as 
compared to control untreated group (group I) (P<0.05) (Table 2).

Meanwhile, co-administration of either metformin (group V) or 
sitagliptin (group VI) with doxorubicin produced significant increase 
in the SBP on day 21 compared with doxorubicin group (group IV). 
Systolic blood pressure was significantly improved in rats of group V 
compared with rats of group VI (P<0.05) (Table 2).

Serum level of cardiac enzymes

Administration of doxorubicin in group IV caused significant 
elevation in serum level of CK-MB and LDH on day 21 compared 
to control untreated group (group I) (P<0.05). Co-administration of 
either metformin (group V) or sitagliptin (group VI) with doxorubicin 
produced significant reduction in the elevated serum level of CK-
MB and LDH on day 21 compared to doxorubicin group (group IV) 
(P<0.05). Serum level of CK-MB and LDH were significantly reduced 
in rats of group V compared with rats of group VI (P<0.05) (Table 3).

Blood glucose level

Administration of doxorubicin (group IV) caused significant 
elevation in blood glucose level on day 21 as compared to control 
untreated group (group I) (P<0.05). Co-administration of either 

metformin (group V) or sitagliptin (group VI) with doxorubicin 
produced significant reduction the elevated blood glucose level on day 
21 compared to group IV (P<0.05) to became near to the blood glucose 
level in control untreated group (group I) (Figure 1). 

Electrocardiographic evaluations

A cumulative dose of doxorubicin (group IV) caused significant 
reduction in heart rate, elevation in ST segment and prolongation in 
QT interval as compared to control untreated group (group I) (P<0.05) 
(Table 4 and Figure 2).

Compared to group IV, co-administration of either metformin 
(group V) or sitagliptin (group VI) with doxorubicin produced 
significant increase in the heart rate, reduction of the ST segment 
elevation and shortening in the QT interval prolongation (P<0.05). The 
reduction in ST segment elevation was more significant in the group V 
compared to group VI (P<0.05) (Table 4 and Figure 2).

Malondialdehyde (MDA) in cardiac tissue
Doxorubicin in group IV caused significant increase in the mean 

level of MDA in the cardiac tissue on day 21 as compared to control 
untreated group (group I) (P<0.05). Co-administration of either 
metformin (group V) or sitagliptin (group VI) with doxorubicin 
produced significant reduction in the elevated level of MDA in the 
cardiac tissue on day 21 compared to group IV (P<0.05). Reduction 
in cardiac MDA was more significant in group treated by metformin 
with doxorubicin (group V) than in group treated by sitagliptin with 
doxorubicin (group VI) (P<0.05) (Table 5).

In vitro cardiac contractility

A cumulative dose of doxorubicin (group IV) caused significant 
regress in the mean percent changes of isolated heart contractility 
in response to as compared to negative control group (P<0.05). Co-
administration of either metformin (group V) or sitagliptin (group VI) 
with doxorubicin produced significant increase in the mean percent 
change of isolated heart contractility induced by isoprenaline as 
compared to group IV (P<0.05). Rats treated with metformin (group 
V) showed significant increase in the mean percent changes of isolated 
heart contractility induced by isoprenaline compared with rats treated 
with sitagliptin (group VI) (P<0.05) (Table 6 and Figure 3).

Histopathological examination

The heart from Groups I, II and III showed normal histologic 
appearance, that is showing normal arrangement of cardiac muscle 
fibres, regularity of cell and nuclear membrane, normal nuclear pattern 
of cells, absent vacuolation of cells, normal blood vessels pattern, no 
inflammatory infiltration around blood vessels, as well as normal 
appearances of endocardium and pericardium.

Histopathological examination of isolated rats` hearts in 
doxorubicin induced cardiotoxicity group showed marked interstitial 
edema, inflammatory cellular infiltration around blood vessels, 
perinuclear vacuolation, highly oesenophilic cytoplasm, interfibrillar 
hemorrhage, disarrangement and degeneration of the myocardium.

Co-administration of metformin with doxorubicin produced 
improvement in the histopathological findings which appear as 
reversion to normal cellular pattern, little cellular infiltration and 
absent interfibrillar hemorrhage. Co-administration of sitagliptin with 
doxorubicin produced improvement in the histopathological findings 
which appear as mild interstitial edema, disarrangement of muscle fibres, 
cellular infiltration and absent interfibrillar hemorrhage (Figure 4). 

Group Mean Body weight (g) 
± SD  

  Day 21th Day one
Group I (Control untreated) 242.22 ± 15.55 231.67 ± 17.57

Group II (MET group) 238.33 ± 6.18 228.89 ± 6.76
Group III (STG group) 232.78 ± 18.09 223.33 ± 19.40

Group IV (DOX-induced 
cardiotoxicity group) 170.00 ± 7.48 a 228.33 ± 18.86

Group V (MET+DOX group) 200.56 ± 7.25 ab 230.56 ± 12.11
Group VI (STG+DOX group) 191.39 ± 10.96 ab 229.44 ± 18.30

Table 1: The mean body weight of rats in different studied groups. 
Data were represented in (mean ± SD) (n=24) 
MET: metformin, 
STG: sitagliptin and 
DOX: doxorubicin, 
a: Statistically significant difference compared to control untreated group (P<0.05), 
b: Statistically significant difference compared DOX-induced cardiotoxicity group 
(P<0.05).

Group Systolic blood pressure 
(mmHg)  

  Day one Day 21th
Group I (Control untreated) 130±11.38 123.48±8.75

Group II (MET group) 130.56±9.98 121.47±8.11
Group III (STG group) 134.44±10.24 125.51±9.40

Group IV (DOX-induced 
cardiotoxicity group) 130.56±14.34 75.81±6.65a

Group V (MET+DOX) 135±16.18 97.85±12.56ab
Group VI (STG+DOX) 135±11.50 84.25±4.21abc

Table 2: The mean values of rat’s systolic blood pressure in different studied 
groups. 
Data were represented in (mean ± SD) (n=24), 
MET: Metformin, 
STG: Sitagliptin 
DOX: Doxorubicin. 
a: Statistically significant difference compared to control untreated group (P<0.05), 
b: Statistically significant difference compared to doxorubicin group (P<0.05), 
c: Statistically significant difference compared to doxorubicin+ metformin group 
(P<0.05).
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Discussion
The aim of the present work was to compare the ability 

of metformin and sitagliptin to protect the heart against the 
cardiotoxicity induced by cumulative dose of doxorubicin in male 
rats which may help in cardio protection of the patients treated with 
doxorubicin.

In the present study, a cumulative dose of doxorubicin induced 
significant deterioration in body weight, blood pressure and heart rate. 

Significant elevation of ST segment and prolongation of QT interval, 
significant elevation in the serum level of CK-MB, LDH, blood glucose 
and cardiac MDA, histopathological signs of cardiotoxicity and 
reduced myocardial contractility in response to isoprenaline compared 
to control untreated group.

The results of the present study are in agreement with Xu [21] who 
showed weight loss, [22] who demonstrated significant reduction in 
systolic blood pressure [23] who detected ST segment elevation and 
QT interval prolongation in doxorubicin treated rats. Demonstrated 

Group lactate dehydrogenase enzyme (U/L) CK-MB  (ng / ml)
  Day 21th Day one Day 21th Day one

Group I (Control untreated) 3.78±0.24 3.74±0.27 458.89±26.76 450.22±24.45
Group II (MET group) 3.77±0.30 3.97±0.50 441.22±18.64 442.89±18.60
Group III (STG group) 3.97±0.50 3.73±0.29 442.11±8.62 442.11±10.54 

Group IV (DOX-induced cardiotoxicity group) 97.28±6.03a 3.74±0.26 1145.56±8.53a 449.00±26.57 
Group V (MET+DOX) 51.67±8.55ab 3.76±0.32 789.44±19.62ab 443.44±11.86 
Group VI (STG+DOX) 68.56±6.14abc 3.79±0.23 892.67±27.44abc 445.67±26.79 

Table 3: The mean value of rats’ serum cardiac enzymes level in different studied groups. 
Data were represented in (mean ± SD) (n=24), 
MET: Metformin,
STG: Sitagliptin 
DOX: Doxorubicin. 
a: Statistically significant difference compared to control untreated group (P<0.05), 
b: Statistically significant difference compared to doxorubicin group (P<0.05), 
c: Statistically significant difference compared to doxorubicin+ metformin group (P<0.05).

Figure 1: The mean value of rat’s blood glucose serum level in different studied groups. 
Data were represented in (mean ± SD) (n=18), 
MET: metformin, 
STG: sitagliptin
DOX: doxorubicin. 
*Statistically significant difference compared to control untreated group (P<0.05), 
@Statistically significant difference compared to doxorubicin group (P<0.05)

Group   Electrocardiographic parameters
  HR (beat/min) ST (mv) QT (ms)

Group I (Control untreated) 280.50 ± 4.41 0.056 ± 0.012 29.62 ± 0.74
Group II (MET group) 282.88 ± 5.79 0.056 ± 0.012 29.50 ± 0.76
Group III (STG group) 283.38 ± 4.41 0.056 ± 0.012 29.62 ± 0.74

Group IV (DOX-induced cardiotoxicity group) 209.75 ± 3.77a 0.181 ± 0.008 a 46.25 ± 2.38 a
Group V (MET+DOX) 250.25 ± 3.33a,b 0.078 ± 0.004 ab 36.99 ± 1.09 ab
Group VI (STG+DOX) 242.25 ± 9.39a,b 0.109 ± 0.013 abc 35.84 ± 0.86 ab

Table 4: The mean values of rats’ Electrocardiographic parameter in different studied groups. 
Data were represented in (mean ± SD) (n=6), 
MET: metformin,
 STG: sitagliptin 
DOX: doxorubicin. 
a: Statistically significant difference compared to control untreated group (P<0.05), 
b: Statistically significant difference compared to DOX-induced cardiotoxicity group (P<0.05), 
c: Statistically significant difference compared to doxorubicin+ metformin group (P<0.05).
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Different cellular mechanisms may explain doxorubicin-induced 
cardiac toxicity as increase intracellular iron accumulation causing 
increased oxidative stress [29], preventing the repair of damaged DNA 
strands [30], changes in vascular endothelium-derived vasoactive 
mediators (endothelin-1 and cardiac nitric oxide) [31] and alteration 
of cardiac-specific gene expression including structural, metabolic and 
enzyme activities [32].

increase cardiac [24] MDA and Shao [25] detected cardiac 
histopathological changes in rats treated with doxorubicin.

Arunachalam et al. [26] showed that doxorubicin can alter glucose 
metabolism through inhibition of insulin secretion or increase the 
insulin resistance. Elevation of cardiac enzymes in rats following 
cumulative dose of doxorubicin was detected by Ref.’s [27,28].

 
 A 

 
                                                                                              B 

C 

 

 

D 
Figure 2: The Electrocardiographic examination in doxorubicin-induced cardiotoxicity groups. 
MET: Metformin, 
STG: Sitagliptin 
DOX: Doxorubicin, 
A: Group I (Control untreated group), 
B: Group IV (Doxorubicin-induced cardiotoxicity group) showing bradycardia, prolonged QT interval and low voltage, 
C: Group V (MET+DOX group), 
D: Group VI (STG+DOX group).
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Metformin through its activation of 5′-Adenosine Monophosphate-
activated Protein Kinase (AMPK) reduces the generation of ROS [40] 
and increases endothelial nitric oxide synthase phosphorylation which 
prevents the opening of the mitochondrial permeability pores [41]. 
Also, AMPK can up regulate the activity of peroxisome proliferator-
activated receptor gamma coactivator-1α (PGC-1α), a tissue-specific 
transcriptional co-activator which plays a key role in regulating energy 
metabolism and mitochondrial bioenergetics responses [42].

Metformin increases the circulating levels of adiponectin and 
increase the expression of adiponectin receptors (adipoR1 and 
adipoR2) in skeletal muscle and adipose tissue [43]. Adiponectin 
is an adipokine synthesized in the adipose tissue, exerts vasodilator, 
anti-apoptotic, anti-inflammatory and anti-oxidative activities in both 
cardiac and vascular cells [44] and attenuate the apoptosis induced by 
doxorubicin [45].

Prevention of the activation of caspase-3 may attribute in the 
metformin induced cardio protection [39]. The caspase-3 protein is a 
member of protease  (caspase) family that plays a central role in the 
execution phase of cell apoptosis [46].

Cardio protective effect of sitagliptin may be due to reduction in 
inflammatory markers by down-regulation of COX-2 expression [47] 
and iNOS expression [48], decreasing free radicals [49] and nitro 
oxidative stress parameters (MDA and NOx) by increase SOD activity 
[50].

Stromal cell-derived factor 1α (SDF‑1α) is degraded by DPP‑4, so, 
Sitagliptin by inhibition of DPP‑4 can increase the stromal cell-derived 
factor 1α (SDF‑1α) concentration that promote vascular repair and 
neoangiogenesis. Also, DPP‑4 inhibition exerts ant atherosclerotic 

Co-administration of either metformin with doxorubicin (group 
V) or sitagliptin with doxorubicin (group VI) in the present study 
resulted in significant improvement of the body weight, blood pressure 
and heart rate, significant attenuation of doxorubicin-induced ST 
segment elevation and QT interval prolongation, significant reduction 
in the elevated serum level of CK-MB, LDH, blood glucose and the 
elevated cardiac MDA level, significant improvement of cardiac 
contractility in response to isoprenaline and significant improvement 
of histopathological signs of cardiotoxicity compared to doxorubicin 
treated group (group IV).

The present study prove that metformin produced more significant 
improvement than that produced by sitagliptin regarding systolic 
blood pressure, ST segment elevation, serum level of CK-MB, LDH, 
cardiac MDA level and histopathological finding and isolated heart 
contractility in response to isoprenaline.

The findings of the present study are in agreement with Aleisa et al. 
[33] who reported that pre-treatment with metformin could improve 
doxorubicin-induced increase in MDA in mice and Kelle et al. [34] 
who detected the protective effect of metformin could reduce cardiac 
MDA and the serum level of CK-MB and LDH in doxorubicin treated 
rats.

Metformin can ameliorate doxorubicin-induced oxidative stress 
through; increase cardiac superoxide dismutase (SOD) activity [35], 
increase in the glutathione level in heart tissue [36], enhancement of 
endothelium-dependent relaxation factor protection [37], modulation 
of ferritin heavy chain (FHC), that is responsible for sequestration of 
any excess intracellular iron [38] and prevent mitochondrial damage 
induced by doxorubicin [39].

Group Mean cardiac MDA level (nmol/g) at 21th day
Group I (Control untreated) 44.63 ± 4.30

Group II (MET group) 40.85 ± 2.46
Group III (STG group) 44.20 ± 3.54

Group IV (DOX-induced cardiotoxicity group) 269.89 ± 16.72a
Group V (MET+DOX) 159.98 ± 8.39ab
Group VI (STG+DOX) 200.29 ± 8.88a-c

Table 5: The mean values of malondialdehyde (MDA) in rats’ cardiac tissue in different studied groups. 
Data were represented in (mean ± SD) (n=6), 
MET: Metformin, 
STG: Sitagliptin 
DOX: Doxorubicin. 
a: Statistically significant difference compared to control untreated group (P<0.05), 
b: Statistically significant difference compared to doxorubicin group (P<0.05), 
c: Statistically significant difference compared to doxorubicin+ metformin group (P<0.05).

    Inotropic response to isoprenaline concentration
Group 3 μg 6 μg 12 μg

Group I (Control untreated) 193.83 ± 2.71 325.00 ± 1.10 431.23 ± 1.53
Group II (MET group) 192.00 ± 5.22 325.50 ± 3.27 430.00 ± 2.90
Group III (STG group) 190.17 ± 2.79 322.33 ± 3.50 427.50 ± 2.07

Group IV (DOX-induced cardiotoxicity group) 76.90 ± 1.19a 100.00 ± 1.41a 169.23 ± 2.21a
Group V (MET+DOX) 140.00 ± 1.67a,b 190.00 ± 2.76a,b 270.17 ± 3.19a,b
Group VI (STG+DOX) 133.33 ± 0.82a-c 177.78 ± 2.00a-c 233.29 ± 1.60a-c

Table 6: The mean Percent changes of cardiac contractility in the isolated rats` hearts in response to isoprenaline in different studied groups. 
Data were represented in (mean ± SD) (n=6), 
MET: Metformin, 
STG: Sitagliptin 
DOX: Doxorubicin. 
a=Statistically significant difference compared to control group (P<0.05), 
b=Statistically significant difference compared to doxorubicin group (P<0.05). 
c=Statistically significant difference compared to doxorubicin+metformin group (P<0.05).
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effects and reduces inflammation via inhibition of toll-like receptor 
4-mediated up regulation of IL‑1β, IL‑6, and other proinflammatory 
cytokines [51].

Furthermore, sitagliptin may decrease the expression of fibrosis 
markers as transforming growth factor b (TGF-b1), tissue inhibitor 
of matrix metalloproteinases (TIMP-1) and collagen (Col1a1 & 
Col3a1) [52] and vascular calcification marker, osteopontin [53] that is 
known to be associated with vascular calcification and cardiovascular 
morbidity in humans [54].

The observed beneficial effects of metformin and sitagliptin could 
generate increasing interest in their potential use as adjunctive therapy 
to patients under treatment with doxorubicin. Clinical trials are 
needed to confirm the protective effect of metformin and sitagliptin 
on cardiotoxicity induced by doxorubicin. Also, safety profile for the 
concomitant use of either metformin or sitagliptin with doxorubicin 
for longer periods and in patients with malignant tumours must be 
studied.
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 Figure 3: Effect of isoprenaline (3, 6 and 12 μg) on cardiac contractility of isolated rats’ heart in doxorubicin-induced cardiotoxicity groups 
MET: Metformin, 
STG: Sitagliptin 
DOX: Doxorubicin. 
A: Group I (Control untreated group), 
B: Group IV (DOX-induced cardiotoxicity group), 
C: Group V (MET+DOX), 
D: Group VI (STG+DOX).

Figure 4: Histopathology of cardiac muscle in doxorubicin-induced 
cardiotoxicity groups (H&E, 100X) 
MET: Metformin, 
STG: Sitagliptin 
DOX: Doxorubicin), 
A: Group I: Control untreated rats, 
B: Group Π (DOX-induced cardiotoxicity group) shows small cluster of 
myocardial fibers with small and large cytoplasmic vacuoles (indicated by left 
arrow) and inflammatory infiltration (indicated by bent-up arrow), 
C: Group Π (MET+DOX group) shows normal myocardium, reversion to 
normal pattern, no vacuolated fibers and no hemorrhage, 
D: Group IV (STG+DOX group) shows disarrangement of fibers, no vacuolated 
fibers and no hemorrhage.
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